


Flux-cored electrodes usually are made
in two formulations—standard and all-
position. The flux in the all-position wire
causes the puddle to freeze much faster,
which is required when welding out of
position. All-position wires must be used
for orbital applications because of the
nature of the welding.

Unfortunately, FCAW electrodes from
different manufacturers, which may have
identical specifications, do not all per-
form the same. In addition, there has
been so much consolidation in the in-
dustry that one manufacturer may op-
erate many facilities, and the wire from
one factory may be slightly different in
formulation than that from another. This
is because specifications allow acceptable
percentage rahges for many of the ele-
ments in the flux. Fluxes essentially are
recipes, and two cooks can produce dif-
ferent results while still following the
guidelines of the recipe.

Fabricators can ask orbital equipment
manufacturers for a list of electrode
brands with which their customers have
had good results or possibly evaluate
electrodes from several manufacturers to
form an opinion before making a large
purchase.

When ordering electrodes, users
should specify:

1. Level-wound wire, regardless of
spool size. Many wire manufacturers pro-
vide level-wound spools as standard.
However, in certain cases (particularly on
the smaller 10-pound spools), the man-
ufacturers do not have automatic winding
systems and random wind using a manual
operation. This can be problematic
because, as the wire pays off the spool, it
occasionally drops down several layers in
a gap and pinches. If it can relieve itself
from the pinch, the arc may stutter and
cause a local defect in the weld.

In other instances, the wire binds
completely, which causes the wire to
burn back into the contact tip, which
ends welding operations until the contact
tip is replaced and the wire is freed from
its pinch.

2. Wire supplied in sealed bags with
desiccant, which often is optional. If no
preference is indicated, many suppliers
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WFOF systems use a conventional wire feeder mounting standard 25-pound spools,
suitable for small workpieces and for operations in which the wire feeder can be locat-
ed near the weld head. WFOH systems use a smaller 10-pound spool of wire mounted
on the rotating head with the feed mechanism.

supply the wire in a cardboard box or
without any covering, and most cus-
tomers do not buy a single box of wire
and use it immediately. Instead, they buy
a quantity for a job and store it. If an
unprotected spool of wire sits around on
a shelf for a month or more in humidity,
it may pick up moisture and create weld-
ing problems.

Root Pass

With the equipment on the market
today, the root pass generally is per-
formed with manual GTAW, manual
SMAW, or semiautomatic GMAW. The pipe
ends are gapped apart using pre-
established procedures. Generally, two
passes are required—a root pass and sub-
sequent hot pass—before mechanized
GMAW/FCAW can be used for completion.

Generally, a single pass is insuffi-
cient to avoid burn-through by the
higher FCAW voltage/amperage parame-
ters used for the fill passes. However,

semiautomatic GMAW power sources are
available that deposit a root pass suffi-
ciently thick to eliminate the need for a
subsequent hot pass.

The root pass can be done using a
mechanized GMAW system, but flux-cored
wire cannot be used because of the
potential for slag entrapment. If the fill-
pass procedures require flux-cored wire,
which offers higher deposition rates, the
user must exchange the filler wire spool
or have two systems, with one dedicated
to root-pass welding.

While the root pass can be done with
orbital GMAW, it requires precise fit-up,
including a uniform gap around the 360-
degree pipe joint, as well as tight control
over high/low mismatch. In addition to
tight fit-up tolerances, a greater amount
of operator skill is required when doing
the root pass.

One company has developed an orbital
pipe welding system specifically for mak-
ing the root pass for pipeline applica-
tions. This system, however, requires an



internal spacer clamp, which precisely
aligns the pipe ends and simultaneously
creates a precise gap.

While this system is practical for pipe-
line welding, the need for a very large
internal clamp designed for a specific pipe
size makes it impractical for many fabri-
cation or field erection applications.
Presently, it may be better to do the root
and hot pass manually, at least until
welders have gained sufficient experience
with the new equipment.

Double-up Welding

While the word “orhital” is associated
closely with mechanized GTAW, it is not
totally appropriate when applied to
mechanized FCAW. With the pipe in the
fixed horizontal (5G) position, a double-
up technique is used, which is 180
degrees clockwise followed by 180
degrees counterclockwise. An orbital
technique can be used only with the pipe
in the vertical (2G) position.

A double-down welding technique can
be used with GMAW. This technique usu-
ally is used for cross-country or marine
pipeline-laying operations. Joints-per-day
productivity of these operations man-
dates multiple weld stations with two or
more weld heads per station used on a
joint simultaneously.

Each station usually is dedicated to
one pass (for example, a root-pass station
followed by hot-pass stations, two fill-
pass stations, and the final cap-pass sta-
tion). As each pass is completed, all the
stations move forward to begin the same
pass on the next joint in sequence.

Because all stations must move up in
lockstep, the weld cycle time is dependent
on the speed at the initial root-pass sta-
tion. While much higher rotational travel
speeds can be used welding double-down,
less metal is deposited per pass. Great care
must be taken by the operator to avoid
sidewall fusion defects.

When welding in the 5G position, a
weave technique usually is used. Most of
the systems available allow a program-
mable dwell or delay period at either
end of the oscillation stroke, which
guarantees proper sidewall fusion. Os-
cillation dwell is programmed in 10ths
of a second.
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A standard 30- or 37.5-degree bevel can be used for pipe up to % inch thick, and a
compound bevel can be used for heavier wall thicknesses.

A useful feature is the ability to index
the rotation of the torch around the pipe
with the weave or oscillation motion of
the torch. As the torch moves across the
joint, forward motion of the torch, or
weld head, is interrupted. When the torch
reaches the end of its stroke and begins
its programmable dwell period on the
sidewall, the head's tractor moves the
torch forward at the programmed speed.
This approximates a technique used by
many manual welders.

Torch oscillation may be accomplished
by a straight-line motion or a pendular
motion. Several systems on the market
are capable of both modes, which allows
the customer to select the mode for a
specific application. Fillet or socket welds
often are hest done using pendular oscil-
lation, for example.

Shielding Gas

All of the equipment on the market
today using either solid or flux-cored
electrodes requires an appropriate shield-
ing gas. The gasless wires, while excellent
for many semiautomatic and manual
applications, produce excessive spatter
that ultimately degrades the orbital

equipment where the torch is mounted
inches from the weld head mechanisms.

This is an important consideration
that must be planned for if the equip-
ment is to be used for field construction
purposes. A contractor accustomed to
SMAW will have to consider erecting
windbreaks, tarps, or tents over the
equipment to prevent the shielding gas
from being disrupted by wind, as well as
to protect the equipment from the ele-
ments. The added cost of gas and the
logistics of moving gas bottles around the
job site and safely restraining them also
must be considered.

Particular attention should be paid to
the wire manufacturer's recommendation
for shielding gas composition for a partic-
ular filler wire type. Shielding gas affects
not only the arc stability and general weld-
ability but also the metallurgy of the
deposited metal.

Frequently, manufacturers recommend
more than one gas, such as 100 percent
€O, or 75 percent argon/25 percent CO,.
The user should consider the trade-offs
when making the selection. For example,
€0, is the least expensive, but argon/ CO,
mixtures produce a more stable arc with
less spatter.




Also, the characteristics of the power
supply and the metal transfer mode
(short circuit, spray, or pulse spray) will
affect filler wire performance.

Typical Parameters
and Techniques

Typical parameters for 5G fill passes
with FCAW electrodes include a 0.045-
inch electrode diameter, 24 to 26 volts,
180 to 260 amps, an electrode speed of
180 to 300 inches per minute (IPM), an
average head rotation speed of 6 IPM, a
deposition rate of 4.6 to 6.8 pounds per
hour, and gas usage of 40 to 50 cubic feet
per hour.

Most of the flux-cored electrodes on
the market are self-slagging. The slag
falls off the cooling weld bead freely
without the use of a slag hammer, which
previously was necessary to remove slag
completely before the next pass could be
deposited. A light wire brushing is recom-
mended between passes.

Some users grind the starts and stops
as a matter of course because the process
may be momentarily unstable when weld-
ing is started and stopped. Others
choose not to grind the starts and stops
if experience has shown that no defects
are found during radiographic inspec-
tion. It is important to stagger the start
and stop position. For example, if the
first pass is started exactly at 6 o'clock,
the subsequent pass should be started at
5:30 or 6:30.

Contrary to typical manual FCAW,
the torch normally is left perpendicular
to the pipe surface for mechanized
welding operations. This eliminates the
need to reposition the torch every sec-
ond pass when welding double up. When
using higher travel speeds, using a drag
angle of approximately 5 degrees (torch
pointing back toward the molten puddle
away from the direction of travel) may
be necessary. This technique ensures
that the slag will flow to the top of the
puddle and not become entrapped as
the puddle solidifies, resulting in weld
inclusions.

Many users are turning to orbital
welding because of the need to maintain
better process control when welding

Deposition Rate*
Weld Metal Deposition Per Hour

1.36 kg/hr
(3 bs.fhr.)
SMAW

1.8 kg/hr.
(4 Ibs./hr.)

Manual
FCAW

3.6 kg/hr. |
(8 Ibs/hr.)

Mechanized
FCAW

Deposition Efficiency
Ratio of Weight of Weld Metal Deposited
to the Weight Used

SMAW Manual

FCAW

Mechanized
FCAW

Duty Cycle Factors
The Ratio of Arc Hours to Clock Hours for a
Welder or Welding Operator (Arc On Time)

SMAW

Manual
FCAW

Mechanized
FCAW

*Based on Electrode Size:
* SMAW - 4 mm (5/32") Type E6010
* Manual FCAW - 1.1 mm (0.45")
* Mechanized FCAW - 1.1 mm
(0.45") Flux-cored Electrode

Mechanized FCAW Typical Parameters
*24-26 V; 220-260 A
* 5,1-7.6 m/min. (200-300 IPM)
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Many factors must be considered in
determining if a new process realistically
will have improved productivity.

high-strength steel alloys. Requirements
for specific weld mechanical properties
influence weld technique greatly. For
example, when welding the chromium-
molybdenum (Cr-Mo) steels, heat from a
weld pass can produce a heat treatment
(tempering) of the previous pass. This
produces a weld with higher tensile
properties and higher toughness as mea-
sured by Charpy impact tests.

This temper bead technique requires
the deposition rate to be lowered from
what the process allows. For example,
although the process allows a weld bead
‘. inch thick to be deposited each pass,
to reach the desired mechanical proper-
ties, the weld bead deposit may need to
be restricted to a maximum of % to %.
inch. The technique of indexing the ro-
tation of the torch with oscillation also
has been found to improve mechanical
properties.

The users, with the assistance of the
equipment and consumable suppliers,
should evaluate the specific requirements
of the application and adapt a suitable
technique to achieve these goals.

Equipment and
Process Suitability

The potential user must consider
whether the application will allow the
productivity gains that justify the pur-
chase of equipment and cost of qualifying
new procedures.

For example, a job consisting primarily
of smaller-diameter, thinner-wall
(Schedule 40) pipe may not be a logical
candidate for mechanized FCAW. How-
ever, an application consisting of heavy-
wall Cr-Mo alloy steel piping with a pre-
heat that must be maintained during the
welding process is likely a very suitable
candidate for mechanized FCAW,

Applications that can take advantage
of the high duty cycle of a machine are
more obvious. Less obvious may be a
limited welding requirement in a fabri-
cated product in which the duration of
the welding operation and subsequent
inspection and repair prove to be a criti-
cal path affecting the delivery schedule.
For instance, a major manufacturer of
medical imaging devices uses orbital
GMAW for a single-pass, 84-inch-diame-
ter fillet weld that must undergo helium
leakage testing.

Many manufacturers have a rental
program with a purchase option, which
allows customers to evaluate the equip-
ment for their specific applications. This
try-before-you-buy approach may be vi-
able for customers who are unsure whether
productivity improvements can be ob-
tained for their specific applications.





